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paylbad signal onto the desired wavelength by crass-gain modulation. PI convened to 1546 nm will be routed to the deslination port . Fig 2(c) shows PI on the destination pori. P2 convetled lo 1542 nm will be draooed afler AWGR. The switched data payload Pi'gaes to the data receiver for BER measuements. Here the switching with new labels LI' and Lz' emulates the OLSRl in Fig Packet by packet bit-error-rate measurements took place on the PI at each hop. Fig. 3 shows the measured data. Each packet is 60011s long with a 200ns guard time, thus eaff packet period is 800"s. T h e bit pattern was 2 -I pseudo-random bit sequence (PRBS) truncated into the packets.
The three CUNW in Fig. 3 are for the optical baseband back-to-back and the payload signals after one and two hop OLSR, respectively. The signal after one hop shows about 0.7 d B power penalty compared to the baseband payload signal. However, a negative power penalty about 0.2 dB at BER=le-9 appears after 2 hop OLSR, which is mainly due to the 2R regeneration in the SOAbared MZI WC and the decrease of the received average power afler two packet-dropping. The eye diagrams of the switched payload are shown as the insets in Fig. 3 . All eye diagrams show clear openings. The signal-to-noise ratio was higher for the second hop compared to the fin1 hop due to the 2R regeneration of MZI WC. Also the XGM based SOA wavelength converters invert the logic of the signal which leads 10 the change of the average power of signal. This resulu in a higher average power for the first hop.
For the second hop the second XGM wavelength converter will invert the logic back to normal. For these reasons, the power received by the date receiver corresponds to different ratios of the real packet power for the I-hop operation and the 2-hop operation. The combination of the 2R regeneration and the optical power change leads to the negative power penalty for the 2-hap operation.
Summary
We have demonstrated for the first time, to our knowledge, the error-free multi-hop cascaded aperation of an all-optical label routing system with optical label swapping. The experiment emulated optical packet switching thmugh 2 haps in the network. Experiment results show regenerating optical label switching with label swapping and 2R packet regeneration. The two-hap routing OLSR system demonstrates negative power penalty ofO.2dB at BER=le-9 for data packets. 
&-Latency
Next Generaiiion h e m e t b i i n g Optical Tag Switching, in U.S. Patent 6,111,673. 1997 [71 S. 1. B. Yoo, HYU& jae Lee, Yan& Zh&g, S.
System wi& Op'tical-~~bdSwit&ing and Opt: cal-Label Swapping using Rapidly Tunable Wavelength Conversion and a Uniform-Loss Cyclic Frequency AWGR," IEEE photonics technologylenen, 14, no. 8,pp. 1211-1213 (2002 , are swapped using electro-absorption modulators (EAM) or semiconductor optical amplifiers (SOA), and in the core node the wavelength label is swapped while the DPSK label is entirely replicated through the four-wave mining (FWM) effect in a highly-nonlinear fibre (HNLF). The transmission properties of the ASWDPSK packet over 80 km non-zero dispersion shifted fiber (NZDSF) are also investigated. The successful label swapping and transmission experiment clearly demonstrate the feasibility of this combined modulation format scheme.
Optical label processingiswapping
The experimental sehrp is shown in Fig. I(a) . The signal source is a wavelength tunable extemal cavity laser (TL) working at 1552.5 MI. In the edge router, the optical carrier is first intensity modulated at IO GbiWr by a chirpfree MachZehnder modulator. The DPSK label at 2.5 Gbir/s is then impressed,by the subsequent phase modulator, thus making the optical packets ready for transmission. As we have reported before 141, a limited extinction ratio of 3 4 d B for the payload is used in order to detect the DPSK label.
lnlermediate nodefunction: I-label os w d l m DPSK label swapping
Both the Llabel and the DPSK label are swapped at the intermediate nodes so that an appropriate optical path can be built-up in the Uansmissim fiber link. The DPSK label can be erased by an intensity-sensitive wavelength converter that capies the payload information onto a new wavelength while omitting the phase information of labels. In our experiment we erase the DPSK label by cross-gain modulation (XGM) -based wavelength conversion in a SOA. A n m o w fiber
Bragg grating is deployed directly after the SOA to overcome panem dependence and to remove the frequency chirp [SI. Because the chirp induced by EAM-based wavelength conversion is negligible [6] , the phase of the probe and pump signals is not affected in the wavelength conversion process. Therefore the DPSK label can be inserted by phase-modulating a new lightwave and then copying the payload onto it through crowabsorption modulation in an EAM. The SOA and the EAM used in our experiment were kindly provided by GIGA-Intel. At the receiver side, the ASWDPSK packet is split into two pans afler a 3dB coupler, so that the ASK payload and the DPSK label can be detected separately. The DPSK label is demodulated using a one bit delay fibre interferometer before direct detection. Fig.   Z(a) shows the BER performance and the eye diagrams of the converted payload and the new label. Very clear and open eyes can he obtained for both DPSK modulated signal, interfemmetric devices the payload and the label afier wavelength conbased an cross-phase modulation (XPM) In the core rourers, a group of wavelength chanrange as well as strict hit rate and modulation fornels are converted to another group, i.e., only Amat transparency [7] . label swapping is performed whereas the DPSK The FWM process takes place in the 500 m long labels are simply replicated. To realize phase-pre-HNLF. The zero dispersion wavelength is 1553.6 serving wavelength conversion of this ASW nm and the dispersion slope is 0.022 p d n m 2 h . converted signal afler the AWG By changing the polarization state of the polarization controller and the input power level, a conversion efficiency of the F W process of up to -15 dB could be achieved. The measured receiver power penalty of the label is < 1.6 dB. However, the power penalty of the payload is about 5 dB due to the relatively high bit rate and low extinction ratio. The convened label has clearly a multi-level SlNCNre which is similar to the back-to-back case.
Transmission properties of ASKIDPSK packets
The transmission span consists of 80 h NZDSF and matching dispersion compensating module. A pre-compensation scheme is adapted due to its bener performance than the post-compensation pawer penalty ofO.5 dB. The receiver sensitivity ofthe payload aficr transmission is observed to be even enhanced by 0.7 dB compared to the backto-back case, because the pulses are significantly broadened after the DCF due to the self phase modulation (SPM) hut the following NZDSF actS on the chirped pulse to compress them to a width narrower than they were initially. The receiver sensitivities ofthe payload and the label as a function of the span input power are also measured, as illustrated in Fig. 2(c) . W e n varying the power f" 15 to 0 dBm, B large input power is found to be the best for the payload whereas an optimum point for the label detection is found to be 8 dBm as shown in the inset of Fig. Z chrisdeve/de~intec.~g.rgoc be.
Optical packetmmt switches can be scaled to high port counts using multi-stage architectures.
To reduce the number of switching elements in SOA-based broadcast-and-select architectures, we deploy only a few stages while exploiting the WDM dimension.
Introdmtion
To satisfy the ever-lasting bandwidth hunger, (n-l)+(n-l)+l connection paints, hence k22n-I.
Typically, it is convenient to set k=2n. This boundary was determined by Clos for circuitswitched networks, implicitly assuming that connections cannot be rerouted along other (second stage) switches once they have been set-up. Unlike Clos, we focus an OPS, operating in slotted mode. In this case, the bound fork is that of a remangeable non-blocking switch, which is cansiderably smaller: k=n. The proof why k=n suffices is a well-known result from graph theory (the problem is equivalent IO a graph coloring problem in a bipartite graph with degree n, which is n-colorable).
In case of OPS, all building block switch fabrics have symmetrical dimensions. If all wavelengths within a fibre may be considered equivalent, N
